<£> 

CO 

o 

© 


/ 


v_ 


Semiyftnual /Technical  Fnp#t»frf  Research 


Under  Contract  No. 


73-C-0«56,  r^yLH( 


i ) 


/ Sponsored  by  Advanced  Re'fcfafch  Projects  Aaenc.v^-  — ( 

ARPAOPDERNo.  2448  f/tf=~6%l3  ( 

For  the  Period 


'1  Noverttn  -1974  tfe— Aprtt3975 


V 


T 

lYb%  I 


y CODING  SYSTEMS  AND  THE  COMPREHENSION  OF  ^INSTRUCTIONAL  MATEPIALS. 


AP.PA  Order:  2448 
Program  Code:  3D20 

Name  of  Contractor:  University  of  Oregon 
Effective  Date  of  Contract:  1 May  1973 
Contract  Expiration  Date:  31  August  1976 

Amount  of  Contract  Dollars:  *332,417 
Principal  Invest1gator:f  P.ay/lyman  1 


'//p- 


t ' (Frotessor )f  Psychology 
f/OJ  - H 503)  686-4910  or  686-4962 


Program  Manager: 


>t\ 


A 


- s>i  ? $ 


AW 


D 


r \ i 

J 'w 


r • 


10EI 


D.  C.  Howard 

Research  Financial  Administrator 
(503)  686-3146 


JUL  1 1976 


Ui 

lifeismrE 

^ ^ D.  ^ 

.1  ? k . 3w  ; 


Approved  for  public  releattl 
distribution  unlimited* 


0.0.  TECHNICAL  PEP0°T  SUMMARY 


The  object  of  this  project  Is  extend  our  earlier  flndlnos  based  on 
simple  stimulus  materials  to  the  mastery  of  Information  from  comnlex  and 
meaningful  stimulus  materials.  One  malor  guestlon  Is  how  do  Individuals 
represent  (or  encode)  the  Information  In  meaningful  Innut.  A related 
question  Is  how  can  we,  as  experimenters , best  represent  such  Information. 
For  practical  reasons  we  need  a way  to  describe  the  knowledge  contained 
In  Input  If  we  are  to  assess  just  what  and  how  much  an  individual  has 
qalned  from  a learning  experience.  For  theoretical  reasons  w*»  need 
a model  of  how  the  Individual  represents  this  knowledoe  In  order  to  ask 
questions  about  how  his  particular  representation  Interacts  with  the 
format  of  the  Instructional  material. 

During  the  past  six  months  we  have  devoted  much  effort  towards  develop 
Ing  an  Inteqrat  J framework  within  which  to  orqanlze  our  own  work  and  that 
from  other  laboratories.  The  framework  tries  to  conceptualize  what  the 
Individual  brings  with  him  to  the  learning  experience— his  urlor  knowledoe 
and  beliefs,  hot/  thev  arc  organized,  his  expectations  and  his  goals— and 
what  the  Instructional  materials  communicate  to  the  learner— startlnq 
with  the  purely  sensory  aspects,  the  patterns,  and  the  Information  being 
represented.  Somehow  the  eventual  result  of  a learning  experience  must 
be  a product  of  centrally-guided  processes— prior  Information  and  expec- 
tations and  hypotheses- -and  peripherally-guided  processes— unexpected  sen- 
sory patterns  and  new  Information  that  thev  convey. 

In  January  the  new  Prime  computer  system  arrived.  Me  began,  this  summer, 
to  overhaul  the  entire  software  system  that  accompanies  our  PHP-15.  And 
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we  have  started  the  complex  process  of  devising  a software  system  that 
will  enable  us  to  inteqrate  the  Prime  system  into  our  current  automated 
laboratory. 

Empirical  research,  of  course,  continued  along  the  lines  discussed 
in  previous  renorts.  Much  of  the  work  has  been  devoted  to  the  question 
of  how  codes  and  hiqher  order  units  onerate.  Some  of  these  questions 
have  been  attacked  in  terms  of  the  word  superiority  effect.  Pelcher  and 
Hawkins  confirmed  previous  findlnqs  that  the  effect  can  he  accounted  for, 

In  part,  by  the  pronounceabi li ty  of  a letter  string.  Rut,  and  this  Is 
their  added  contribution,  they  further  demonstrated  that  when  nronounce- 
ablllty  Is  controlled  or  removed  from  the  nlcture,  there  still  Is  a word 
superiority  effect.  This  means  that  other  sorts  of  codlnq  principles 
beyond  simple  pronounceabi lity  contribute  to  the  effect. 

Janet  Polf,  with  her  doctoral  dissertation,  Is  lnoklnq  at  another 
aspect  of  the  word  superiority  effect.  She  demonstrated,  firstly,  that 
the  effect  cannot  be  explained  In  terms  of  spending  more  time  orocesslng 
words  and  letters  In  the  letter  condition.  Her  data  suqqest  that  the 
phenomenon  may  involve  two  stages.  In  the  first  staqe,  the  subject  oro- 
cesses  the  sensory  Input  to  the  point  of  activating  or  retrieving  a 
higher  order  code  or  unit  corresponding  (In  thfs  case)  to  a word.  The 
second  stage  requires  the  subject  to  "unpack"  this  word  chunk  In  order  to 
retrieve  a component  letter.  Hooefully  such  a finding  may  give  us  a clue 
to  how  higher  order  units  In  general  carry  component  Information. 

Polf,  who  Is  doing  her  dissertation  under 'Hyman’s  direction,  Is  study- 
ing a phenomenon  first  discovered  by  Relcher  and  applying  a technique 
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developed  bv  Ulckelnron  and  Ms  students.  This  technique,  based  on  the 
speed-accuracy  trade-off  paradigm,  has  been  aoolled  by  two  of  nickel or^n's 
students  to  problems  In  semantic  memory.  Oosher  Is  completion  her  Master's 
Thesis  by  apnlylnq  the  speed-accuracy  paradigm  towards  the  problem  of 
how  sentences  are  represented  In  memory.  And  Corbett,  also  for  a ’’aster's 
Thesis,  Is  applylnq  the  paradlqm  towards  the  study  of  various  models  of 
how  classifications  are  learned  within  a semantic  field. 

Hyman  and  his  colleagues  completed  a series  of  experiments  uslnn  the 
Impression  formation  paradlqm.  They  concluded  that  new  Information  can 
be  encoded  In  qenerlc  or  specific  manner.  When  the  Information  Is  con- 
sistent with  what  the  subject  already  knows  about  a tonic,  the  new  Innut 
Is  encoded  In  such  a way  as  to  strpnqthen  exlstlnq  beliefs  rather  than  to 
add  to  or  chanqe  them.  When  the  new  Innut  Is  not  necessarily  consistent 
with  what  Is  known,  only  those  specific  asnects  of  the  new  Information 
are  encoded  that  can  be  fit  Into  the  existing  picture.  In  the  former 
case,  not  very  much  Is  remembered  about  the  Inout.  In  the  latter  case, 
the  Input  Is  remembered  In  rather  specific  and  nonqenerlc  terms. 

Hyman  has  also  returned  to  the  paradlqm  In  which  a data  base  Is  "loaded" 
Into  a subject's  long  term  memory.  In  the  earlier  work,  the  data  base  con- 
sisted of  a set  of  nominal  propositions  about  a number  of  hypothetical  In- 
dividuals. In  the  current  work,  the  subject  learns  about  the  sane  Individ- 
uals both  nominal  propositions  (ones  that  classify  and  assign  oronertles) 
and  relative  propositions  (ones  that  directly  specify  relationships  between 
Individuals).  He  also  learns  parts  of  the  Information  about  an  object  at 
different  times.  Hyman  then  studies  the  extent  to  which  subjects  can 
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selectively  retrieve  specified  Information  depending  imon  how  the 
Initial  Information  was  learned,  Its  form,  and  the  task  context. 

Wlckelqren  continues  to  turn  out  a number  of  theoretical  studies 
both  In  the  area  of  classical  memory  and  In  the  area  of  semantic  memory. 
Pelcher  has  bequn  some  studies  to  study  sophisticated  encod1nq--conpar1nq 
experts  with  novices  In  various  fields  of  Information  acquisition  and 
usage.  Schaeffer  will  end  his  participation  In  this  project  this  summer. 

He  now  has  his  own  qrant  and  will  devote  his  research  efforts  to  It. 

1.0.  INTRODUCTION 

1.1.  Objectives. 

Our  plan  Is  to  see  how  we  can  apply  the  flndlnos  and  procedures  from 
our  previous  project  on  "Coding  Systems  In  Perception  and  Connltion"  to 
meaningful  stimuli  such  as  Instructional  materials.  Our  previous  work 
Investigated  the  codes  and  operations  that  Individuals  emplov  1r  process- 
ing Information.  The  Information  belnq  processed,  however,  came  from 
variations  In  relatively  small  and  meaningless  sets  of  auditory  and  stimu- 
lus materials.  Mill  the  same  models  and  processes  anply  when  Individuals 
have  to  cope  with  Information  that  Is  more  complex,  semantically  meaning- 
ful, and  approximates  textual  and  Instructional  materials  In  format? 

The  term  "coding  svstems"  Indicates  that  we  focus  uoon  the  represen- 
tational aspect  of  Information  processing.  What  are  the  different  codes 
and  ways  that  Individuals  represent  or  encode  the  given  Information?  fre 
some  ways  better  than  others?  Do  different  representational  svstems  vary 
In  effectiveness  depending  unon  the  form  of  the  Innut  material  and  the  task? 
"Coding  systems"  have  become  Important  In  cognitive  psychology  for  a 
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number  of  reasons.  In  the  present  context  they  are  Important  because  It 
Is  the  stimulus-as-encoded  that  the  learner  reacts  to  and  retains  In  mem- 
ory. Unless  an  Instructor  can  be  sure  that  the  student  encodes  the  mat- 
erials In  a wav  that  Is  Isomorphic  to  what  the  course  Is  trvlng  to  im- 
part, he  will  fall  In  his  mission. 

"Comprehension”  Is  a slippery  term.  For  one  thing  It  Is  amblouous 
In  at  least  two  wavs.  It  can  refer  both  to  the  act  of  trylnq  to  make 
sense  of  Information  or  to  the  result  of  such  an  act.  In  addition.  It 
refers  to  a subjective  state  or  feellnq  and  also  to  an  objective  assess- 
ment of  how  well  an  Individual  has  mastered  a coqnltlve  task.  In  the 
long  run  we  are  Interested  In  all  of  these  meanlnos.  Put  for  the  short 
run  our  focus  Is  upon  how  effectively  an  Individual  can  use  the  Infor- 
mation he  has  recently  acquired. 

1.2.  The  General  Research  Plan 

We  wanted  to  see  to  what  extent  we  could  use  the  experimental  deslqns 
and  paradigms  from  our  preceding  work  on  coding  systems.  In  the  best  of 
worlds,  we  simply  would  have  been  able  to  use  the  same  oaradiqms  with  only 
minor  changes  needed  to  accomodate  the  more  complex  sorts  of  stimulus 
materials  and  the  longer  time  periods  needed  for  such  materials.  To  some 
extent,  such  an  "extrapolation"  of  the  earlier  work  has  been  carried  out, 
especially  In  the  work  of  Wlckelgren,  Schaeffer,  Keele,  and  Relcher  for 

this  project. 

But  such  simple  extrapolation  can  carry  us  only  so  far.  Me  still 
have  to  grapple  with  how  to  represent  the  meaningful  material— what  sorts 
of  units  do  we  employ,  etc.  And  the  new  materials  raise  new  questions, 
both  methodological  and  theoretical,  that  have  no  counterparts  In  the 
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earlier  work.  Consequently,  a larqe  share  of  our  effort,  esneclallv 
the  work  of  Hyman  and  his  co-workers,  has  been  and  will  he  devoted  to 
the  develonment  and  testlnq  of  novel  oaradlqms. 

We  expected  to  devote  the  first  year  of  this  project  to  a sort 
of  "tooling  up"  period.  During  this  period  we  would  devise  and  trv- 
out  various  new  paradigms.  Hopefully  some  of  them  would  show  oromlse 
for  further  payoffs.  This,  In  effect,  Is  what  Hyman  and  his  colleaoues 
did.  Two  of  the  paradigms  shaved  some  promise,  but--at  the  same  time— 
they  also  presented  us  with  many  technical  problems  to  overcome.  Manv 
of  these  problems  result  from  the  sheer  complexity  of  deallnn  with  mean- 
ingful stimulus  materials.  Even  very  elementarv  semantic  material  has 
orders  of  complexity  man'  times  higher  than  what  we  face  with  our  tvnlcal 
laboratory  stimuli. 

Vie  expected  to  devote  the  second  year  of  the  project  to  perfection 
the  most  promising  paradigms.  This,  too,  has  In  essence  been  done. 
Finally,  we  hoped  that  the  third  year  would  be  devoted  to  fully  exnlolt- 
Ing  the  best  paradigms  and  to  generating  empirical  findings. 

Hopefully,  now  that  the  first  two  '/ears  are  over,  the  rest  of  the 
plan  will  be  fulfilled. 

Realistically,  the  completed  project  should  result  In  the  usual 
product  of  completed  research  studies.  But,  more  Important,  we  hone  It 
will  gtnerate  some  new  paradigms  that  can  be  employed  In  the  future  vo 
gain  useful  Information  about  the  Instructional  process. 

1.3.  Some  further  goals. 

We  have  also  devoted  much  time  during  the  second  year,  and  will  con- 
tinue this  effort  during  the  third  year,  to  devising  a framework  within 
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which  to  Integrate  the  various  projects  In  semantic  memory  both  within 
our  own  laboratory  and  within  other  laboratories.  Our  main  vehicle  for 
this  purpose  has  been  a continuing  seminar  organized  around  the  research 
goals  of  the  current  project.  We  have  been  fortunate  to  have  participants 
such  as  Nancy  Frost,  Princeton  University:  Baruch  Flschoff,  from  Israel 
and  now  at  Oregon  Research  Institute;  and  Mickey  Rothbart,  a Social 
Psychologist  Interested  In  cognitive  problems.  In  the  future  Art  Farley, 
who  did  his  dissertation  under  Newell  and  Simon  at  Carnegie -Me 11  on  will 
also  join  us.  Donna  Cruse,  Oregon  State  University,  who  has  done  work 
at  the  University  of  Massachusetts  and  Oregon  on  the  Integration  of 
Information  Is  also  participating. 

One  product  of  this  framework,  we  hope,  will  be  an  Intearated  summary 
of  the  work  being  done  on  semantic  memory  at  various  laboratories. 

Another  goal  Is  to  continue  our  work,  begun  under  the  last  oroject, 
to  develop  and  expand  our  automated  laboratory  system  for  conducting 
research  In  Information  processing  psychology.  The  acgulsltlon  of  the 
Prime  Computer,  which  finally  arrived  In  January,  will  contribute  greatly 
to  this.  Already,  with  our  POP -9  and  PDP-15  computers  we  have  an  advanced 
facility  for  conducting  a variety  of  experiments.  With  the  Prime  as  a 
new  addition  to  the  system,  we  should  be  able  to  conduct  almost  any  type 
of  experiment  envisaged  under  the  present  project. 

We  will  be  devoting  some  of  our  resources  during  the  coming  year  to 
developing  the  software  for  the  Prime  and  integrating  this  with  our 
current  system  based  on  the  existing  two  computers. 
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2.0.  CODES  AND  UNITS 

2.1.  The  rep»*esentat1on  Problem. 

A key  problem  In  trying  to  d?  research  on  semantic  material  Is  the 
representation  problem.  This  problem  has  both  a pragmatic  and  a theoret- 
ical aspect.  The  pragmatic  aspect  Is  the  need  to  describe  or  represent 
the  content  and  structure  of  our  stimulus  materials.  Unless  we  devise 
adequate  ways  to  describe  and  quantify  the  stimulus  materials,  we  will 
have  no  way  for  assessing  to  what  extent.  If  any,  the  subjects'  outputs 
are  determined  by  the  presented  material. 

And,  In  those  cases  in  which  we  want  to  fully  assess  what  the  sub- 
ject has  extracted  or  "comprehended",  we  also  have  the  task  of  represent- 
ing or  describing  his  output. 

The  theoretical  question  comes  from  the  desire  to  know  how  the  sub- 
ject represents  or  encodes  the  stimulus  Information.  What  Is  It,  In 
fact,  that  he  Is  reacting  to?  What  has  he  grasped  of  the  material  he  has 
been  given?  This  question  is  especially  urgent  In  the  present  project 
because,  unlike  the  simple  and  nonsense  stimulus  materials,  semantic 
material  can  be  encoded  and  organized  by  Individuals  In  almost  limitless 
ways. 

Ideally,  both  the  pragmatic  and  theoretical  representation  problem 
can  be  solved  with  the  same  system.  But  the  two  representations  need 
not  be  the  same.  What  Is  needed  Is  a descriptive  system  for  the  stimulus 
that  Is  sufficient  to  capture  most.  If  not  all,  of  the  possible  variability 
that  an  Individual  subject  can  pick  up. 

One  aspect  of  the  presentation  problem  deals  with  the  different  sorts 
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of  units  that  mlqht  be  used  to  nrocess  the  Information  In  a stimulus. 

For  example.  In  written  Instructional  material,  one  could  deal  with 
individual  letters,  morphemes,  Individual  words,  phrases  and  surface 
structure  units,  propositions,  sentences,  "themes",  naranraohs,  etc. 

As  the  precedlnq  example  Illustrates,  many  tvnes  of  units  often 
form  a hierarchy.  Letters  are  Included  In  words,  words  are  Included 
In  sentences,  sentences  are  Included  In  paraqraphs,  etc.  Hhlch  of  thesp 
types  of  units  have  psychological  consequences?  If  t.hry  all  do,  how  do 
the  components  and  the  wholes  relate  to  each  other? 

2.2.  The  Wovd  Superiority  Effect. 

Two  dlf  “rent  research  projects  on  our  contract  hate  been  devoted 
to  what  Is  called  the  "word  superiority  effect"  or  "the  belcher  effect". 
The  effect  Is  often  called  bv  the  latter  name  because  it  was  neicher, 
currently  one  of  our  co-lnvestlqators , who  both  developed  the  naradiqm 
and  demonstrated  the  phenomenon  In  his  dissertation  which  was  published 
in  1969.  Pelcher  and  Harold  Hawkins,  a visitor  from  the  University  or 
South  Florida,  have  been  actively  pursulnq  a new  set  o*  experiments 
based  on  this  paradlqn.  And  Janet  Polf,  under  Hyman's  direction,  has 
boon  dolnq  research  on  her  doctoral  dissertation  on  another  aspect  of 
this  phenomenon. 

The  phenomenon  was  first  demonstrated  by  Helcher  In  the  following 
situation.  The  subject  Is  shown  a stimulus  for  a very  brief  period  of 
time  (typically,  30  to  50  milliseconds).  The  stimulus  consists  of  either 
a single  letter,  a string  of  unrelated  letters,  or  a word.  Followlno  the 
stimulus  presentation,  the  subject  Is  presented  with  a test  consisting  of 
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a pair  of  letters,  one  o^  which  was  In  the  precedlno  stimulus.  The  sub- 
ject's task  Is  slmplv  to  Identic  the  letter  that  was  In  the  tampt  stim- 
ulus. Relcher  found  that  the  subject  was  more  accurate  when  the  letter 
to  be  recognized  had  been  part  of  a word  than  when  It  had  been  nresented 
In  Isolation  or  as  oart  o^  a meanlnqless  set  of  letters.  Other  exnerlments 
have  replicated  this  finding  several  times. 

For  our  purposes  the  phenomenon  has  Interest  because  of  what  It 
night  tell  us  about  how  higher  order  units  carry  Information  about  their 
components  and  vice  versa.  The  phenomenon  and  Its  accnnnanylnn  naradlom 
might  be  another  way  to  Investigate  the  elusive  but  obvlouslv  verv  Impor- 
tant concent  of  the  "chunk".  In  the  helcher  paradigm,  It  seems  falrlv 
well  established  that  the  effect  depends  In  some  wav  on  the  word  being 
a unitary  object.  For  example,  the  effect  disappears  or  reverses  when 
the  subject  has  to  Identlfv  which  letter  occurred  In  a meaningless  and 
unpronounceable  string  of  letters. 

It  also  seems  that  the  effect  can  be  affected  by  whether  the  sub- 
ject Is  focussing  upon  the  Individual  letters  In  the  stimulus  or  noon 
the  set  of  letters  as  a coherent  unlc.  In  the  experiment  as  tvolcallv 
run  the  subjects  tend  to  encode  the  entire  letter  string  as  a unitary 
"chunk"  rather  than  as  a set  of  Individual  letters  (or  features).  This 
Is  relatively  easv  to  do  when  the  letter  string  forms  a familiar  word 
or  Is  pronounceable.  But  It  Is  difficult  or  Impossible  to  do  when  the 
letter  string  Is  a meaningless  jumble. 

Johnston  and  McClelland,  for  example,  did  the  experiment  under  two 
conditions.  In  the  letter  condition,  the  subject  was  deliberately  Instructed 
to  treat  the  word  as  a set  of  Individual  letters.  To  further  help  him  In 
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this  task,  he  was  told  In  advance  which  letter  In  the  word  would  be 
tested.  In  the  word  condition,  the  subject  was  told  to  focus  on  the 
word  as  a whole  rather  than  the  Individual  letters.  In  this  latter 
condition  he  was  not  told  which  letter  In  the  word  would  be  the  test 
letter.  Despite  this  disadvantage,  the  word  condition  showed  the  superior 
accuracy.  That  Is,  when  the  stimulus  was,  sav,  JOIN,  and  the  subject  was 
told  that  the  first  letter  was  to  be  tested,  he  was  still  less  accurate 
In  recognlzlnq  whether  the  first  letter  had  been  "J"  or  MC"  than  was  a 
subject  who  had  been  shown  JOIN  and  told  to  concentrate  on  the  entire 
word. 

These  same  experimenters  qot  the  opposite  result  when  they  gave 
subjects  a letter  string  such  as  JPRD  and  then  tested  them  to  see  If  they 
could  remember  If  "J"  or  "C  had  been  In  the  stimulus.  Subjects  In  the 
letter  condition  were  now  superior  to  those  subjects  who  were  trying  to 
treat  the  letter  string  as  a unit. 

What  sort  of  a unit  or  "chunk"  Is  the  word  In  this  condition?  Is  It 
a visual  sort  of  chunk  or  code?  That  Is,  does  the  word  form  a familiar 
perceptual  pattern  of  visual  features,  letter  combinations,  or  configura- 
tion of  some  sort?  Or  Is  the  course  of  the  unit  some  sort  of  articula- 
tory or  auditory  code.  Ma.vbe  the  subject  recodes  the  perceived  string 
letters  Into  some  sort  of  pronounceable  sound?  Or  Is  there  a pyschologlcal 
unit  that  corresponds  to  meaningful  words  as  such? 

Relcher  and  Hawkins  have  devised  a variety  of  experiments  to  get 
at  this  question.  We  do  know,  for  example,  that  prounceablllty,  as 
such.  Is  sufficient  to  generate  the  Relcher  effect.  But  Relcher  and 
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Hawkins  believe  that  words  still  have  a "chunk"  or  coding  effect  over 
and  above  simple  nronounceabllitv.  Indeed,  there  rav  be  a multlnlicltv 
of  -odes  or  chunklno  systems  anv,  or  all,  of  which  mav  come  Into  nlav 
In  given  circumstances.  It  makes  sense  to  suDnnse  that  suhiects  will 
employ  whatever  strategies  thev  can  to  simoll^v  and  unitize  the  material 
before  them.  The  results  of  these  experiments  will  be  reported  In  the 
next  report. 

Polf  was  concerned  with  another  asoect  of  the  pe1cher  effect. 

Granted  that  the  subject  chunks  the  letter  string  Into  a unit,  how  does 
this  unit  help  him  to  recognize  an  Individual  letter  that  Is  a component 
of  the  chunk?  And  what  Is  the  mechanism  by  which  ho  does  so? 

One  possibility  that  Polf  entertained  could  sunqest  that  the  effect 
was  essentially  an  artefact.  Uo  to  now,  the  Relcher  effect  has  boon 
demonstrated  under  conditions  In  which  times  tc  •'soond  were  not  recorded. 
But  some  investlqators , Includlnq  Pelchor,  have  Informally  observed  that 
subjects  take  more  time  to  resnond  when  the  stimulus  consisted  of  a word 
than  when  It  was  an  Individual  letter.  Perhaps,  In  orocesslnq  a word 
rather  than  a letter,  the  subject  slmplv  rehearses  the  Individual  letters 
longer  than  when  he  qets  a single  letter.  His  subsenuent  Improvement  In 
accuracy,  then,  would  not  be  because  the  letter  was  embedded  In  a meaning- 
ful unit,  but  because  the  processing  of  the  unit  resulted  In  the  subject 
spending  more  time  on  the  Indlvldu^  letters. 

Some  Indirect  evidence  about  i. ,me  to  process  words  would  aroue  against 
the  preceding  nternretation.  But  other  evidence  could  be  mustered  In  its 
defense.  What  is  needed  is  a technique  that  simultaneously  takes  both 
time  and  accuracy  into  account.  Fortunately,  Wickelaren  and  his  student 
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Adam  Reed,  nartly  supported  by  the  current  project,  have  been  aevelnpino 
a new  speed-accuracy  paradiqm  to  simultaneously  deal  with  sneed  and 
accuracy  within  the  sane  experiment  and  analysis  (see  below),  ^olf  ad'-*- 
ed  thei*-  procedure  to  dealinq  with  how  the  chunk  faciliates  accuracy  In 
identifyinq  Individual  components. 

Incidently,  Pol f ‘ s dissertation  is  an  ideal  example  of  the  tvpe  of 
cooperative  research  we  try  to  er:ouraqe  on  proiects  such  as  this.  Polf 
is  doing  her  dissertation  under  Hyman's  direction.  The  framework  in 
which  her  question  Is  nosed  comes  out  of  the  research  Program  being 
persued  by  Hvman.  But  the  paradigm  that  she  emnlovs  is  one  developed  and 
currently  being  used  hy  another  investigator  in  our  proiect,  Rerrv  belcher. 
And  the  methodoloqy  (which  is  another  naradiqm  in  its  own  rioht)  which  she 
applies  is  one  developed  by  still  another  investioator  in  the  project, 
Wayne  Wlckelgren. 

In  Belcher's  original  paradiqm,  the  subject  is  free  to  respond  when 
he  feels  ready.  No  control  nor  measure  of  response  time  is  enoloved. 

Ii  Polf's  variation,  the  subject  is  trained  to  respond  as  fast  as  possible 
when  he  hears  a tone.  As  in  the  Reicher  naradion,  the  subject  is  shown 
a target  stimulus  which  miqht  be  a single  letter,  a string  of  unrelated 
letters,  or  a four  letter  word.  A mask  follows  the  taroet,  then  a test 
pair  of  letters  comes  on.  The  subject  has  to  respond,  bv  pressing  one  of 
two  keys,  to  indicate  which  of  the  letters  was  in  the  taroet.  On  some 
trials,  the  subject  does  not  know  which,  the  tone  to  respond  mav  occur 
as  soon  as  50  milliseconds  after  the  onset  of  the  test  pair,  or  it  mav 
occur  as  muc’1  as  f.QO  milliseconds  later.  Polf  used  eight  different  laos 
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over  this  ranee.  Subjectively,  the  fastest  lao  occurs  too  soon  to  even 
know  what  the  test  letters  are,  while  the  lonqest  lao  seems  to  he  noro 
than  enouqh  time  to  do  all  the  mental  processing  that  one  feels  necossar'. 
The  subjects  have  to  be  trained  to  resnond  as  soon  as  thty  hear  the  tone 
regardless  of  how  ready  they  feel. 

The  results  of  this  and  a second  similar  experiment  cloarlv  exclude 
the  exnlanatlon  that  the  Belcher  effect  Is  merely  a matter  of  sneed- 
accuracy  tradeoff,  ’fhen  the  subject  takes  anywhere  from  450  milliseconds 
or  longer  to  respond,  he  Is  clearly  more  accurate  In  word  than  In  the 
letter  condition.  What  Is  more,  the  more  time  he  has  beyond  ^-50  milli- 
seconds, the  more  his  accuracy  Improves  in  the  word  condition.  This 
added  time  does  not  he  In  accuracy,  however,  In  the  letter  condition. 

On  the  other  hand,  when  t re  subject  Is  forced  to  resnond  In  less  than  a 
half-second,  he  Is  more  accurate  In  the  letter  condition.  At  the  verv 
shortest  lags,  In  fact,  the  subject  behaves  at  the  chance  level  when 
forced  to  resnond  In  the  word  condition.  The  data  suggest,  however,  that 
the  subject  Is  better  than  chance  for  such  short  lags  in  the  condition. 

Polf's  results  clearly  exclude  some  possible  explanations  of  the 
word-superiority  effect.  But  they  are  still  comoatlble  with  more  than  one 
possibility.  Polf  is  now  running  additional  experiments  to  try  and 
exclude  some  of  these  possibilities.  At  the  moment,  the  preferred,  but 
still  tentative,  explanation  would  go  like  this. 

When  the  subject  receives  the  test  oair  of  letters  he  has  already 
fully  encoded  the  target  stimulus.  In  the  letter  condition,  this  amounts 
to  simply  having  encoded  the  single  letter.  The  exoosure  duration  of  the 
target  Is  such  that  he  cannot  always  encode  this  letter  with  comolete 
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accuracy.  But  If  he  has  successfully  encoded  It,  his  task  in  the  test 
situation  is  simnly  to  .make  a direct  match  of  the  stored  taroet  with  the 
perceived  test  letter.  While  this  takes  some  time,  It  is  still  a relative- 
ly fast  operation,  one  that  does  not  take  more  than  a half-second  to 
complete.  Thus,  Increasing  the  response  time  up  to  half  a second  will 
show  Improvement  in  the  task,  hut  qlvinq  the  subject  anv  more  time  will 
not  help.  This,  of  course,  describes  the  output  function  obtained  hv 
Polf. 

In  the  word  condition,  the  subject  encodes  the  word  direct lv  as  a 
unitary  "chunk".  This  chunk,  In  the  words  of  -Johnson,  acts  an  "opaque 
container".  The  chunk  does  not  consist  directlv  of  the  Individual  letters 
in  the  word.  But,  If  called  upon  to  do  so,  the  subject  can  recover  the 
Individual  letters  bv  a further  retrieval  operation.  This  additional 
"unpacking"  operation,  however,  takes  time.  When  the  subject  Is  forced 
to  respond  faster  than  450  milliseconds,  he  does  not  have  time  to  fully 
complete  his  unpacking  and  tends  to  make  errors.  The  more  time  he  has, 
the  more  accurately  he  can  unpack  or  decode  the  word  into  Its  constituent 
letters  and  check  to  see  which  of  the  test  letters  Is  amor.o  them. 

With  sufficient  time,  the  subject  should  achieve  nerfect  accuracy 
In  this  condition  (given  that  he  knows  how  to  soell)  because  once  he 
has  the  letter  string  encoded  as  a familiar  v/ord,  he  can  relv  unon  his 
previous  learning  to  infer  what  the  component  letters  must  have  been.  The 
task  in  this  latter  condition  is  completely  process-limited  (to  employ  the 
terminology  of  Norman  and  Robrow). 

But  the  accuracy  in  the  letter  condition  will  depend,  ultimately, 
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upon  how  much  time  was  qiven  to  perceive  the  Initial  tarqet.  Fvon  with 
unlimited  time,  the  subject  cannot  Improve  unon  his  accuracy  If  he  did 
not  correctly  reqlster  the  letter  In  the  first  olace.  In  this  latter 
case,  ultimate  performance  Is  data-llmi ted. 

The  Importance  of  understandinq  the  dynamics  of  what  goes  of  this 
paradigm  Is  not  because  words  as  such  are  Improtant  units.  Rather,  we 
feel  that  what  qoes  on  between  words  and  their  comnonents  can  tell  us 
much  about  the  Interaction  of  hlqher  order  units  and  their  constl tutents 
In  general.  And  this,  In  turn,  v/e  believe  ’-'111  turn  out  to  he  one  o^ 
the  crucial  issues  in  understandinq  what  qoes  on  durlno  the  mastery  of 
knowledge. 

2 . 3 . Experiments  in  "sophisticated  encoding". 

Other  experiments  In  our  project  are  aimed  at  discoverlno  the  sorts 
of  units  or  codes  that  are  emnloyed  by  skilled  Individuals.  Schaeffer 
has  focussed  on  the  acnuisitlon  and  development  of  hlqher  order  codes. 

This  Is  difficult  to  do  with  adults  who  come  into  the  laboratory  with 
much  of  their  codlnq  systems  already  highly  developed.  One  wav  to  net 
around  this  is  to  try  to  create  a situation  In  which  the  Individual  has 
to  develop  his  encoding  units  right  from  the  start.  To  do  this,  Schaeffer 
taught  Individual  subjects  a simnle  one-to-one  correspondence  between 
Chinese  characters  and  letters  of  the  alphabet.  First  thev  memorize  the 
correspondence  to  the  point  at  which,  qiven  a Chinese  symbol,  thev  can 
respond  without  error  bv  giving  the  corresoondlno  letter  of  the  known 
alphabet.  Next  thev  are  given  strings  of  Chinese  characters  to  decode. 

The  strings  are  semantically  meaningful  when  decoded  Into  letters  of  the 
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alphabet. 

What  makes  this  seemlnqlv  slmpled-nlnded  experiment  of  Interest  Is 
that  the  experimenter  can  use  error  analyses  and  interference  tasks  to 
Infer  the  tyoe  and  size  of  unit  that  the  subject  Is  uslnn  at  various 
stages  of  his  mastery  of  reading  with  this  new  code.  At  first.  It  Is 
hypothesized,  that  errors  and  confusions  will  conform  to  visual  con- 
fusions among  the  corresponding  letters  of  the  alphabet.  With  oradual 
mastery  of  the  task,  larqer  and  larger  seqments  of  the  text  in  Chinese 
characters  should  be  handled  as  Individual  units.  At  some  point,  and 
with  sufficient  practice,  the  sorts  of  chunks  and  confusions  should 
correspond  to  what  we  would  observe  when  an  Individual  reads  from  texts 
written  In  his  native  alphabet. 

The  major  drawback  of  such  an  experiment  Is  that  it  takes  enormous 
lengths  of  time,  months  and  maybe  years,  for  Individual  subjects  to 
achieve  sufficient  proficiency  to  give  the  sort  of  results  that  show 
the  hierarchy  of  units.  Consequently,  we  have  to  await  further  develop- 
ments to  see  what  emerges  from  this  long-range,  developmental  approach. 

Relcher  and  his  colleagues  have  been  approachinn  the  Issue  of 
skilled  encoding  in  a different  wav.  Actually,  they  have  been  simultan- 
eously trying  a variety  of  converging  approaches.  In  some  cases  thev 
have  obtained  highly  skilled  and  less  highly  skilled  individuals  In  the 
same  task.  One  such  task  was  sight-reading  In  nusic.  They  found,  In 
agreement  with  the  work  on  chess  grandmasters,  that  the  expert  in  this 
task  was  able  to  work  with  chunks  of  larger  size  than  the  nonexperts. 
Simon  and  others,  for  example,  found  that  the  grandmaster  did  not  excel 
in  the  number  of  "chunks"  or  units  he  could  handle  simultaneously  In  work- 
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ing  memory.  By  a variety  of  converginn  operations  It  can  he  shown 
that  the  grandmaster  and  ordinarv  masters  have  the  same  memorv  snan— 
approximately  5 to  7 chunks.  What  makes  the  difference,  however,  Is 
that  the  granchaster  works  with  chunks  that  contain  more  Information. 

We  can  illustrate  this  with  a simple  experiment  that  de  f-root  and 
others  have  conducted.  A subject  is  shown  a nattern  of  pieces  on  a 
chessboard  for  approximately  5 seconds.  If  the  nieces  represent  a 
position  from  an  actual  chess  game,  the  Grandmasters  can  usually  re- 
produce the  entire  pattern  without  error  (usually  around  ?A  nieces). 
Ordinary  players  can  get  only  about  P pieces  correctly  nlaced  in  such 
a task.  But  if  the  pattern  of  pieces  is  random,  then  the  Grandmaster 
and  the  ordinary  player  nerforn  eguivalently--each  netting  annroximatel v 
6 correct.  Thus,  somethino  about  his  knowledge  and  mastery  of  the  name 
of  chess  somehow  enables  the  grandmaster  to  operate  with  units  or  chur,;  s 
that  are  of  the  magnitude  of  4 nieces  each.  A variety  of  oth^r  direct 
and  indirect  arguments  and  experiments  seems  to  indicate  that  It  is  in 
this  chunking  process  that  the  superiority  of  the  grandmaster  lies. 

Peicher  and  his  colleagues  have  shown  that  it  is  not  just  in  chess 
that  such  superiority  of  churikinq  is  the  key  to  expertise.  The  situation 
seems  to  be  completely  parallel  with  sleht  readers  when  compared  with 
musicians  who  are  not  expert  sight-readers,  nther  evidence  suggests  that 
this  is  what  underlies  skilled  performance  In  quality  control  and  other 
tasks. 

So,  one  method  for  studying  skilled  encodinq  is  to  compare  experts 
with  non-experts  in  the  same  task.  A paralle1  way  is  to  train  individuals 
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on  codinq  Procedures  that  seem  to  underlie  skilled  performance.  A third 
method  Is  to  enplov  a task  in  which  most  adults  are  already  hlohlv  skilled, 
but  to  control  the  innut  In  a variety  of  ways  In  order  to  tease  out  what 
the  basic  units  and  hierarchies  of  units  actually  are.  Peicher  Is  in- 
volved In  all  of  these  approaches.  At  the  moment,  for  examole,  he  Is 
devlsinq  a method  usinn  the  computer-controlled  scone  to  control  both 
the  size  and  pace  of  v/hat  his  sub.iects  are  reading. 

Another  approach  beinq  developed  bv  Peicher  is  Inspired  by  the 
frequent  reoorts  that,  for  skilled  individuals,  the  appropriate  object 
they  are  seeking  amidst  a collection  of  homogeneous  objects  seems  to 
"pop  out"  from  the  background.  In  some  of  their  experiments,  for  examole, 
the  background  Is  composed  of  letters,  while  the  tarqet  is  one  or  more 
letters  In  abnormal  orientation  (mlrror-lmaqe , unside  down).  With  some 
practice,  the  tarqet  letter  seems  to  "pop  out"  almost  instantly  when 
presented  with  the  test  array.  Put  when  the  tarqet  Is  a letter  or  familiar 
object  innormal  orientation  aqairist  a backoround  of  letters  which  are  all 
In  abnormal  orientation,  the  task  Is  enormously  more  difficult.  nne 
possibility  is  that  orqanisms  are  constructed  so  as  to  attend  to  the 
unusual  or  unfamiliar.  And  when  the  backqround  is  composed  of  unfamiliar 
elements,  the  subject  has  great  difficulty  in  disreeardinq  it. 

This  has  relevance  to  extracting  meaningful  and  relevant  material 
from  a larger  body  of  information.  Data  have  already  been  collected  in 
other  laboratories  that  Indicate  that  such  a task  is  relatively  easy  when 
the  material  to  be  abstracted  is  unfamiliar,  but  embedded  in  a familiar 
or  coherent  backqround.  Put  the  task  is  relatively  difficult  when  the 
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relevant  material  is  familiar  and  coherent,  hut  embedded  In  a background 
that  is  unfamiliar  or  Incoherent. 

Our  hone  Is  that  oursuit  of  this  Issue  will  qive  us  clues  as  to  hoi-/ 
successful  Individuals  are  able  to  attend  to  lust  that  nart  of  a complex 
body  of  information  that  Is  relevant  to  their  task. 

3.0.  THE  SPEED-ACCURACY  PARADIGM 

Much  of  the  classical  annroach  to  memorv  and  verbal  learninq  focusses 
upon  accuracv  of  resnondino.  One  thlno  that  distinguishes  the  Information 
processing  approach  to  memorv  and  similar  problems  is  the  focus  uoon 
speed  of  response.  In  the  latter  approach,  sometimes  errors  are  also 
recorded,  but  only  to  show  that  thnv  do  not  make  much  difference  in  the 
specific  exDerlment  beinn  discussed. 

From  time  to  time,  an  Investiqator  '"ill  urqe  that  wc  study  the  ioint 
operation  of  speed  and  accuracy  within  the  same  paradiqm.  'that  informa- 
tion we  have  suggests  that,  In  many  situations,  errors  and  time  are  Inter- 
changeable--that  is,  they  both  reflect,  difficult'/  in  dealing  with  a task, 
if  a discrimination  is  very  difficult,  the  tvoical  subject  will  take 
longer  to  make  it.  Ho  will  also  tend  to  make  errors.  Consequently,  for 
many  types  of  experimental  Daradioms,  exnerimenters  have  treated  it  as 
an  arbitrary  decision  as  to  whether  to  use  time  or  accuracy  as  the  denen- 
dent  variable. 

But  there  are  situations  and  occasions  when  it  seems  that  soeed  is 
achieved  at  the  expense  of  accuracy.  Mhen  this  is  the  ca9e,  errors  and 
time  vary  inversely.  It  can  be  quite  misleading  in  such  cases  to  use 
either  time  or  errors  alone  to  draw  conclusions.  Both  are  necessarv  to 
avoid  wrong  conclusions. 
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Wickelqren  and  his  student  Ad  an  Pend  have  been  world  no  on  both  the 
practical  and  theoretical  asnects  of  a naradlqm  that  would  slnul taneousl v 
take  both  speed  and  accuracy  Into  account.  The  sort  of  snoed-acnuracv 
paradlqm  they  hive  found  optimal  Is  one  based  on  the  use  of  an  auxiliary 
response  slqnal.  We  have  descrlhed  this  Procedure  In  the  nrecedlnq  dis- 
cussion of  Janet  Polf's  dissertation. 

When  nroperly  employed,  the  technique  generotes  a sneed/accuracv 
tradeoff  function.  On  the  horizontal  axis  of  a qraph,  one  plots  the 
total  tine  from  onset  of  test  stimulus  to  subject's  resDonse.  Because 
the  subject  has  been  trained  to  resoond  only  when  the  auxiliary  sinnal 
occurs,  the  experimenter  can  ensure  that  he  has  data  from  the  complete 
ranqe  of  Intervals  that  are  crucial  for  undorstandina  the  orocessinn 
staqes  In  a qiven  task.  On  the  vertical  axis,  som*  measure  of  accuracv-- 
usuall.v  d'--is  plotted  for  each  response  Interval.  The  result! no  func- 
tion supplies  the  experimenter  with  at  least  three  measures,  denendinq 
upon  the  form  of  the  function. 

One  measure  is  the  intercept.  This  corresponds  to  the  time  between 
the  test  onset  and  the  subject's  response  interval  that  first  shows  sions 
of  being  more  accurate  than  chance.  A second  measure  is  the  asymptote. 
This  is  the  maximum  degree  of  accuracy  that  the  subject  can  achieve  even 
with  unlimited  time.  And  finally,  there  is  the  rate  parameter  which  in- 
dicates how  vast  the  subject  goes  from  above  chance  accuracy  to  maximum 
accuracy.  A typical  function  might  show  an  exponential  curve  which  grad- 
ually approaches  assymptote. 

Wichelqren  has  drawn  several  interest! no  theoretical  observations 
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about  both  this  paradlqn  and  its  theoretical  Import.  He  has  made  a 
strong  argument  for  uslnq  this  paradigm  In  most  situations  in  which  we 
want  to  study  mental  operations  during  the  time  they  are  occurlnq  rather 
than  after  they  have  been  completed.  He  has  also  shown  how  many  previous 
experimental  findings,  a striklnq  example  being  the  well-known  Stern- 
berg  paradigm  and  Its  findings,  are  ambiguous  because  t^ey  have  not 
employed  a speed/accuracy  paradigm. 

One  unexpected  conclusion  Is  that  accuracy  measures  are  probably 
less  subject  to  biases  and  distortions  than  are  reaction-time  measures. 
This  is  because  reaction  time  measures  are  typically  collected  under 
conditions  In  which  subjects  are  encouraged  to  be  accurate.  Indeed, 
the  experimenter  usually  considers  It  a virtue  If  the  error  rate  Is  low 
In  such  experiments.  A low  error  rate  Is  often  cited  as  the  reason 
for  not  being  concerned  about  a possible  speed-accuracy  confounding. 

But  as  Wltkelgren  points  out,  the  speed-accuracy  function  shows  that 
low  error  rates  coincide  with  that  part  of  the  function  where  a very 
slight  difference  in  errors  corresponds  to  a huqh  difference  In  response 
time.  Thus,  with  only  a few  errors,  the  experimenter  might  interpret 
the  differences  between  mean  times  for  conditions  as  being  due  to 
capacity  or  difficulty,  when  In  fact,  it  might  be  due  to  a willingness 
to  be  less  accurate  in  one  condition  as  opposed  to  another.  On  the 
other  hand,  enormous  differences  in  latency,  beyond  a certain  point, 
correspond  to  very  small  differences  in  accuracy. 

3 • 1 • Application  of  the  Speed/Accuracy  Paradigm. 

The  most  successful  and  satisfying  application  of  this  paradigm  so 
far  has  been  Janet  Polf's  dissertation  which  was  described  above.  In 


addition,  two  of  Wlckelqren's  students,  Barbara  Dosher  and  Albert  Cor- 
bett have  used  the  paradlqm  In  their  Masters  Theses  performed  under  the 
sponsorship  of  this  contract. 

Dosher  used  the  paradigm  to  gain  Information  about  which  of  a number 
of  ways  to  represent  the  structure  of  a proposition  coincides  with  the 
way  such  Information  is  actually  represented  In  an  Individual's  memory. 

She  had  her  subjects  learn  sets  of  sentences  that  consisted  of  subject, 
verb,  object,  location,  and  time.  Subjects  were  then  tested  with  various 
combinations  of  such  constituents  (say  S and  B)  as  cues  to  see  how  well 
they  enabled  them  to  retrieve  the  rest  of  the  sentence. 

Dosher's  speed-accuracy  functions  revealed  that  context  was  Indeed 
treated  separately  from  the  sub ject-verb-oMect  combination.  But  the 
subject-verb-object  combination  behaved  as  a unit  In  retrieval,  contrary 
to  the  model  of  Anderson  and  Bower.  Dosher  also  concluded  that  her  data 
were  consistent  with  a continuous  buildup  of  Information  about  the  sen- 
tence durlnn  retrieval. 

Corbett  applied  the  paradigm  to  test  different  models  of  how  Indi- 
viduals learn  to  classify  objects  in  a quasi -semantic  system.  His 
students  learned  a set  of  patterns  that  varied  In  whether  they  were 
crosses  or  I's  and  In  terms  of  the  length  of  the  horizontal  and  vertical 
components.  I hey  learned  both  a major  and  minor  category  In  which  each 
pattern  belonged  (hlerarchial  system),  labels  for  the  Individual  Items 
as  well  as  subordinate  and  superordinate  categories.  The  subjects  were 
tested  both  on  visual  and  verbal  aspects  of  the  system.  In  the  perceptual  task, 
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the  subjects  cla$sif,’ed  the  pattern  as  if  thev  were  enolovinn  a weighted 
prototype  of  the  visual  features.  This  tends  to  support  nattern  r^coo- 
nltlon  work  of  Hvman  and  frost,  nosner  and  Keele,  and  others.  Put  the 
verbal  task  suqqested  that  they  did  not  carrv  over  this  strategy  to  the 
figure  names.  It  could  be  that  the  sneed-accuracy  task  encouraoed  two 
different  strategies  depending  upon  the  form  of  the  stimulus  material. 
Corbett  Is  pursuing  the  dynamics  of  classification  svsters  in  semantic 
memory  for  his  doctoral  dissertation. 

4.0.  THE  IMPRESSION  Fopm/ITIOH  TASK. 

Ue  wanted  to  devise  a general  naradiom  that  v/ould  etrabH  us  to 
investigate  how  what  the  subject  already  knows  influences  his  encndinn 
of  new  Input.  Not  that  we  doubted  the  fact  that  such  an  influence  takes 
place.  To  the  contrary,  much  research  qoino  hack  to  Oartlett's  1932 
classic  on  rememberim  and  continuing  v/1  th  contemporary  research  such  as 
that  by  Bransford,  Franks  and  their  co-workers  leaves  no  doubt  that 
what  Is  retained  Is  decisively  controlled  bv  how  it  was  encoded. 

He  wanted  to  go  bevond  the  further  demonstration  of  snmethino  that 
we  all  aoree  upon.  We  wanted  to  see  i f we  could  control  some  of  the 
factors  that  determine  the  Initial  encndlnq  and  make  differential  pre- 
dictions about  the  outcome. 

One  aoproach  to  this  was  Hyman's  adantation  of  the  imoression-for- 
matlon  task.  In  this  task,  the  subject  is  oiven  a description  of  a 
hypothetical  individual  and  then  describes  his  imnression  of  that  individ- 
ual on  a checklist.  The  social  ns.vcholoolsts  tvoically  concentrate  unon 
factors  that  affect  the  subject's  imnression.  Hvman  adanted  this  task 
to  focus  on  factors  that  affect  the  subject's  memorv  for  the  initial 
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description  of  the  individual.  The  interest  is  not  so  much  in  how 
accurately  ho  can  remember,  hut  rather  in  the  nature  of  the  distortions 
or  errors  In  memory  that  occur,  Ouch  errors  can  he  used  to  indicate 
how  the  subject  has  oroanlzed  and  encoded  the  initial  material. 

The  resulting  oaradlgm  has  manv  attractive  features.  It  Is  casv 
to  generate  normative  data  to  Indicate  how  tyoical  subjects  react  to 
different  descriptions  and  category  labels.  The  Impression  task,  Itself 
encourages  the  subject  to  form  a coherent  organization  of  the  nlvon 
material  without  having  to  tell  him  to  memorize  the  material.  As  a 
further  bonus,  the  impression  task  provides  us  with  Information  about 
the  subject's  initial  impressions  or  Inferences  about  the  stimulus 
material.  'In  can  thus  compare  subsequent  memory  not  onlv  aqainst  the 
orlqinal  stimulus  but  also  aqainst  the  subject's  initial  description  of 
that  stimulus,  ^nd,  finally,  the  subjects  tell  us  that  thov  eniov  the 
task  and  think  it  is  relevant  to  what  thev  do  in  evervdav  affairs--nake 
judgments  a out  neonlo  on  the  basis  of  partial  information. 

Ilvmai  reportod  the  first  experiment  using  the  paradigm  at  the 
Tenth  Annual  Camegle-Mel Ion  Conference  on  Cognition  at  Vail,  Colorado 
in  June,  1974.  This  will  be  published  in  the  forthcoming  book,  edited 
by  David  Klahr  called  "Cognition  and  Instruction." 

4.1.  The  Basic  Experiment. 

The  subject  Is  presented  with  a short  description  of  a hypothetical 
individual.  The  description  Includes  three  components:  (1)  the  Individ- 

ual's name  (e.g.,  Pobert  Cay wood) ; (2)  the  individual's  occupational 
major  (e.g.,  Accountant);  and  (3)  a short  character  sketch  written  abound 
10  adjeeti ventral ts  (such  as  "withdrawn", 


"deliberate",  act.).  The  sub- 


iect's  task  Is  to  form  a coherent  Imnresslon  of  what  this  Individual 
Is  like.  He  then  describes  his  Impression  bv  clrcllno  those  adiectlvos 
on  a checklist  of  91  traits  that  fit  his  Impression.  Me  nerforms  this 
task  for  three  different  hypothetical  Individuals. 

Of  the  thre*'  descriptions,  one  of  the  palrlnos  of  occupational 
label  and  sketch  Is  chosen  to  he  "appropriate"  ami  the  other  two  nairlnqs 
are  chosen  to  bn  "Inappropriate".  Appropriateness  rf  the  natchlno  was 
decided  on  the  basis  of  normative  ratlnqs  bv  a separate  aroun  of  iudons. 
Different  oroups  of  subiects  t,et  different  palrlnos  of  the  same  set  of 
sketches  and  labels  to  counterbalance  specific  ejects  of  a nlven  la^i 
and  sketch. 

Followinq  the  Impression  task,  the  subject  Is  then  toll  that 
are  also  Interested  In  his  memory  for  the  sketches  that  he  read.  Mis 
memory  for  these  sketches  Is  tested  hv  qlvlnn  him  the  list  of  Ml  adjectives. 
He  Is  qlven  the  name  and  occupational  label  of  one  of  the  descriptions  (e.o. , 
Robert  Caywood,  the  Accountant),  fie  then  noes  throuqh  the  list  of  adjectives 
and  Indicates  which  ones  he  believes  were  In  the  oriqlnal  sketch  of  Ravwood. 
For  each  adjective  he  Indicates  not  only  his  judqnent,  but  also  his  denree 
of  confidence  In  that  judgment.  Essentially,  this  amounts  to  a ratine  of 
each  adjective  from  "1"  (verv  confident  that  It  was  in  the  sketch)  throuoh 
"6"  (very  confident  that  It  was  not  in  thp  sketch). 

The  purpose  of  the  first  experiment  uslno  this  naradlqm  was  to  look 
at  the  effects  of  discrepancy  fron  sterectvoe  uoon  reconnltion  menorv. 

In  the  anoronrlate  matchlnq  of  cateoor'  to  sketch,  w e would  exnect  a hioh 
"hit  rate"--that  is  a stronq  tendency  to  rate  hioh  thosp  adiectiv^s  tha* 

(■•ere  actuallv  In  the  sketch.  At  the  sane  tine,  however,  we  would  exnect 


a strong  "false  alarm  rate"--that  Is  a stronn  tendoncv  to  also  ratP 
hi qh  adjectives  that  v/pro  not  In  tjhc  sketch  but  which  arn  consistent 
with  the  stereotvne  that  noes  with  the  cateoorv  lah^l. 

When  the  cateoorv  label  was  qrosslv  ml  snatched  to  the  character 
sketch,  we  exoected  to  observe  both  a low  "hit  rate"  (since  the  cate- 
gory label  no  longer  helps  to  suggest  which  adjectives  are  relevant) 
and  a low  "false  alarm  rate"  to  objectives  that  are  related  to  the  cate- 
gory label  (because  the  subject  nrobablv  remembers  that  this  Individual 
was  not  typical  of  accountants,  etc). 

The  most  Interesting  case  for  our  oredlctlons  was  when  the  label 
was  only  mildly  Inanproorlate.  ,4ere  we  honed  that  the  mismatch  would 
not  be  too  odvIous,  encouranlnn  the  subject,  Instead,  to  npnerate  a 
coherent  impression  that  integrated  label  with  sketch,  "o  expected 
nost  memory  distortion  to  occur  In  this  case.  Mere  we  exnccted  the 
impression  of  the  sketch  to  be  assimilated  to  the  category  label. 

Whereas  in  the  case  of  the  qrosslv  inanoropriate  label,  we  exoected  a 
contrast,  rather  than  an  assimilation  effect. 

The  experiment,  thus,  predicted  different  sorts  of  memory  for 
three  different  degrees  of  appropriateness.  The  experiment  failed 
In  helping  with  this  prediction  because,  In  fact,  it  turned  out  we  had 
effectively  just  two  levels  of  anprooriateness--  an  appropriate  match 
and  a mildly  Inanproorlate  match.  Indeed,  It  is  nulte  difficult  to 
generate  a sketch  and  a label  that  most  of  our  subiects  cannot  int°orate 
into  some  sort  of  a nlausible  imnresslon. 

As  exnected,  annrooHato  labels  tended  to  reinforce  the  ten^ncv  to 
fdlse-alarm  to  adjectives  that  fit  the  stereotvne  that  on  with  the  label. 


When  pobert  fav'-'ood,  v.^ose  sketch  Is  annronriate  to  the  image  o*  an 
accountant,  Is  labelled  as  an  accountant  our  subiects  tended  to  falsely 
remember  that  ho  was  described  as  "mathematical",  "careful",  "consistent", 
"methodical",  "precise",  "systematic",  and  "economical"  much  more  fre- 
quently than  when  the  same  sketch  was  labeled  as  that  of  a "Social  uork" 
or  "Lawyer"  major. 

However,  our  results  make  it  clear  that  we  cannot  simply  conclude 
that  memory  Is  distorted  to  fit  the  label,  We  have  to  nuallfv  such  a 
conclusion  in  at  least  two  wavs.  nne  v'av  Is  that  distortion  occur 
mainly  when  the  label  is  aopronri ate.  An  aopronrlnte  label  tends  to 
encourage  false  recognition  of  adjectives  that  are  consistent  with  the 
label.  But  Inaonroprlatc  labels,  in  aeneral , do  not  encouraqe  false 
recognition.  There  is  little  overall  tendencv  to  ^alsely  recognize 
adjectives  that  are  related  to  the  label  when  It  is  inannroorlate. 

Accuracv  of  reconni tinn , as  determined  by  the  relative  abllltv  to 
discriminate  correct  adjectives  from  related  foils.  Is  just  about 
equivalent  for  the  annronriate  an'*  inannronriate  labeling  conditions. 

In  the  inaporopriate  condition,  there  are  fewer  false  alarms,  but  there  are 
also  fewer  hits. 

The  orecedinq  conclusions  are  correct  when  we  averaoe  over  the 
three  different  sketches.  But  they  must  be  further  qualified  because 
of  specific  interactions  between  narticular  sketches  and  narticular 
labels.  One  of  the  sketches,  "Robert  Caw/ood",  was  written  to  be 
compatible  with  the  stereotype  of  "Accountant".  The  major  effect  for 
this  sketch  occurs  when  the  appropriate  label  is  assigned  to  it.  This 
enhances  stronqlv  the  tendency  to  falsely  remember  favwood  as  having 
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been  described  as  "systematic" , etc.  /'t  the  same  tine,  when  essinned 
the  label  of  "Social  ’fork",  or  "Lawyer",  no  tendency  emeroed  to  falselv 
recognize  adjectives  relevant  to  either  of  these  latter  two  labels. 

The  sketch  "Decker"  was  'written  to  be  compatible  with  the  stereo- 
type of  "lawyer".  The  major  nemorv  distortion  that  took  nlace  with 
this  sketch  was  when  it  was  asslaned  to  the  category  "Social  'fork". 

This  latter  label  stronolv  enhanced  the  tendency  to  falsely  remember 
that  Decker  was  described  as  "charitable",  "^riendlv",  etc. 

The  third  sketch,  "Hemlng",  was  written  to  be  comnatihle  with 
the  stereotvne  o*  "Social  Work".  Mere  wo  found  that  the  anpli cation  of 
the  appropriate  label  reduced  the  tendency  to  falselv  remember  adjectives 
appropriate  to  an  accountant  In  addition,  assioninq  the  label  "Lawyer" 
to  Fleming  increased  the  tendency  to  falsely  recoonize  such  adjectives 
as  "persuasive",  "aggressive",  etc. 

In  short,  the  label  does  make  a difference  in  recoqnitlon  memory. 

The  specific  effects  of  the  label,  however  varies  with  the  sketch  and 
the  label.  The  sketch  for  Caywood  differs  most  from  the  other  two 
sketches  on  a number  of  independent  and  normative  measures.  For  this 
reason.  It  is  nrobablv  most  difficult  far  the  subjects  to  perceive 
Caywood  as  a plausible  lawyer  (he  Is  described  as  "withdrawn"  and  "distant") 
or  a plausible  social  worker  (also  because  of  his  anti-social  traits). 

As  a result  it  is  nossihle  to  distort  boththe  imnression  and  memorv  for 
Caywood  towards  the  inaae  of  a withdrawn,  meticulous,  comnulsive  individ- 
ual by  appropriate  labels,  but  It  is  nrobablv  difficult,  to  distort  t.h° 
image  of  Cavwood  towards  the  generous  and  warm  stereotvne  n*  the  Social 
Worker  or  the  extroverted  and  forceful  image  of  the  Lawyer.  The  sketch 
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for  Fleming  describes  his  warn  and  generous  social  tendencies.  Call  inn 
him  a social  worker  confirms  these  tendencies  and  contrasts  them  with 
the  cold  and  niqqardlv  image  of  the  accountant.  Label  inn  Fleming  an 
accountant  does  not  make  it  easy  to  assimilate  his  good-nuy  nicture  to 
the  socially  negative  traits  that  form  the  stereotype  of  an  accountant. 

But  there  is  no  incompatibility  of  beina  socially  nositive  and  heinn 
aggreslvelv  persuasive,  even  though  these  two  might  not  be  hiohlv  asso- 
ciated. Consequently  labelling  Fleming  as  a Lawyer  mak^s  it  easy  to 
attach  to  his  existing  imaqe  the  traits  of  a lawyer. 

Additional  findings  from  the  Imnression  task  add  to  these  results. 
Almost  all  of  the  effects  we  find  on  tn»:  recognition  test  are  found  in 
the  impressions  as  Indexed  by  the  check  list.  This  finding  excludes 
the  nossibility  that  wo  are  dealing  with  a bias  that  is  Induced  bv  the 
label  at  the  time  of  recognition  testing.  Because  the  impression  task 
occurs  immediately  after  initial  exposure  to  the  sketches,  the  evidence 
is  that  the  memory  effects  are  due  to  the  initial  encoding  of  thg  sketches 
and  not  to  subsequent  effects  of  the  label  at  testing.  Further  analyses 
(analysis  of  convarlance  and  related  tests)  Indicate  that  the  imnression 
is  not  the  cause  of  the  recognition  memory,  but  is,  itself,  a dependent 
variable  which  is  also  affected  by  the  Initial  encoding. 

4.2.  Subsequent  experiments  with  the  Paradigm. 

We  conducted  two  additional  experiments  within  this  naradlnm.  Both 
are  Identical  to  the  basic  experiment  with  only  minor  changes.  In  the 
second  experiment,  we  Insetted  .a  free  recall  task  in  between  the  imnression 
and  recoqritlon  memory  tasks  are  basically  the  same  as  for  the  first 
experiment.  The  recall  data  tend  to  show  the  same  results  as  do  the 
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recognition  data. 

The  third  exnerlnent  attempted  to  emphasize  the  effect  of  the  label. 

It  did  so  by  first  having  the  suMect  form  his  Impression  to  the  Indi- 
vidual first  on  the  basis  of  the  label  alone  before  he  was  shown  th° 
character  sketch.  Again,  the  results  slmnly  confirm  those  of  the 
previous  two  exneriments. 

4.3.  Additional  variations. 

We  tried  a number  of  variations  on  the  basic  paradigm,  dne  reason 
Is  that  our  Initial  sketches  were  Internal lv  consistent.  Against  such 
a homogeneous  set  of  10  descriptors,  the  category  label  — esoeclal lv 
when  Inappropriate,  was  relatively  Impotent.  The  label  effects  while 
highly  consistent  and  significant  were  gulte  small  relative  to  the  huoh 
effects  due  to  the  overall  sketch  effects  (we  also  had  normative  data 
on  the  Impressions  generated  bv  the  sketches  In  Isolation  from  the 
labels).  A more  fruitful  approach,  we  reasoned,  was  to  create  Incon- 
sistency within  the  sketch  Itself. 

We  created  a new  naradlqm  to  do  lust  this.  nne  of  the  experiments 
we  completed  was  done  as  follows.  The  subject  Is  given  a coherent  and 
homogeneous  character  sketch  of  a hypothetical  Individual.  As  In  th« 
previous  experiments,  the  subject- forms  an  imnression  and  describes 
It  by  means  of  a check  list.  Then  we  supplied  the  suhiect  with  additional 
information  about  the  niven  individual.  The  new  information  Is  also  In 
the  form  of  a character  sketch.  But  half  of  the  new  Information  is 
consistent  or  "appropriate"  to  the  orloinal  Information  and  hal*  is  not. 

We  then  have  the  subject  form  a revised  imnression  of  the  hypothetical 
individual.  Finally,  we  have  him  Indicate  his  memory  for  all  the  adjectives 
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used  to  describe  the  Individual  In  a recognition  test. 

The  subjects  tend  to  give  the  same  ratings  (have  the  same  "hit 
rates")  for  both  the  consistent  and  Inconsistent  Information  in  the  second 
sketch.  Rut  the  false  alarm  rates  for  associated  foils  are  oulte  different. 
The  subjects  have  hi  oh  false  alarm  rates  for  foils  that  are  consistent 
with  the  Initial  sketch;  thev  have  low  false  alarm  rates  fo**  adjectives 
that  are  related  to  the  Inconsistent  Information. 

This  Indicates  that  the  subjects  encode  consistent  information  In  a 
hiqhly  qencric  way.  If  the  hvnothetical  Individual  was  inltlallv  described 
as  sociallv  outqolno  and  warm,  they  will  encode  a consistent  adjective 
such  as  "charitable"  as  simnlv  confirming  the  "qood-guv"  Inane.  In  later 
recognition  testlnq  they  will  not  onlv  tend  to  correctly  recoanlze  "char- 
itable1, but  also  "friendly",  "helnful"  and  other  adjectives  that  were 
not  in  the  sketch  hut  which  are  consistent  with  the  "qood-quv"  Image. 

But  if  the  hypothetical  Individual  had  initially  been  described  as  socially 
withdrawn  and  calculating,  thev  will  tend  to  encode  the  now-inconsistent 
adjectives  such  as  "charitable"  in  a, hiqhly  specific  wav  to  make  it  com- 
patible with  what  thev  already  have  learned.  In  this  second  case  "chari- 
table" will  not  be  encoded  as  consistent  with  a "good-guy"  Imaoe,  but 
rather  something  specific  nlqht  be  extracted  such  as  a man  who  donates 
to  charities  in  order  to  gain  an  Income  tax  benefit.  In  this  latter 
case  there  will  be  no  tendency  to  confuse,  in  later  recoonltlon,  the 
memory  of  "charitable"  with  foils  such  as  "friendly",  "generous",  etc. 

5.0.  Loadino  data  bases. 


The  question  we  keen  asking  in  relation  to  our  project  is:  how 


does  what  you  already  Know  affect  vour  ability  t.o  deal  with  new,  relevant 
Information?  The  comnlenontarv  question  Is:  how  does  the  new  Information 

affoct  what  you  already  know?  The  difficulties  In  experimentally  Invest- 
igate these  questions  Include  the  av.-esome  task  of  adequately  snec1fv1no 
the  Initial  data  base  that  the  subject  brlnas  with  him  to  the  task. 

In  our  Initial  proposal  for  this  project,  the  basic  strategy  for 
dealing  with  this  problem  was  simple  In  principle.  We  would  construct 
artlflcal,  but  semantically  meanlnqful,  data  bases  renresentlno  small 
segments  of  a possible  knowledge  system.  Me  would  then  "load"  such  data 
bases  into  our  subjects'  memories.  To  the  extent  v/e  succeeded  In  such  a 
direct  Implantation,  we  could  then  proceed  with  various  experimental  tasks 
which  could  confidently  assume  a known  data  base.  The  Initial  data  base 
could  be  varied  In  a variety  of  ways  and  the  new  information  to  he  mastered 
could  be  varied  correspondlnql v to  bear  specified  relationships  to  the 
data  base. 

Durlnq  the  first  year  of  the  nroiect,  Hvman,  polf,  and  !'eddell  tried 
tn  implement  this  paradiom  and  test  Its  efficacy.  ,fe  comnleted  three 
experiments.  The  second  experiment,  which  Is  typical,  will  be  described 
here.  The  data  hase,  consisted  of  a set  of  names  ("objects").  Fach 
name  was  characterized  bv  Its  value  or  nroDerty  on  one  of  four  dichotomous 
attributes  (occupation,  geographical  origin,  hobbv,  and  attitude  towards 
a political  issue).  The  Information  about  the  hypothetical  individuals 
was  embedded  within  a prose  narrative  about  a town  called  Hi, ion.  Fach 
subject  read  the  narrative  at  his  own  nace  and  in  his  own  way  with  the 
goal  of  masterlno  all  the  Information  about  each  Individual. 
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'/hen  the  subject  fe1t  ready,  his  mastery  of  the  material  was  tested. 

The  test  consisted  of  his  boinq  able  to  correctly  recall  all  four  proner- 
ties  about  a qlvcn  Individual  when  presented  with  his  name.  After  the 
subject  had  successfully  demonstrated  his  mastery  of  the  data  base  hv 
this  criterion,  he  was  then  allowed  to  enter  the  experimental  Phase  of 
the  study.  The  experimental  testing  consisted  of  eiqht  senarate  experimental 
sessions  spread  over  an  annroxlmatelv  two-week  period. 

A session  consisted  of  trials  on  which  pairs  of  names  were  dlsnlayed 
on  the  cathode  screen  controlled  by  the  PDP-15.  For  anv  given  session 
one  attribute  was  deslqnated  as  the  target  for  that  day.  For  examnle, 

If  the  target  was  "occupation*!,  the  subject  was  to  resnond  "same"  (bv  press- 
ing a key)  whenever  the  nalr  of  names  was  the  same  with  respect  to  occuna- 
tion.  Otherwise  he  pressed  the  key  Indicating  "different".  Me  were 
interested  in  the  extent  to  which  the  subject  could  resnond  to  the  pair 
on  the  basis  of  occupation  without  b^ing  affected  bv  the  other  Dropertles 
on  which  the  same  pair  of  names  could  be  same  or  different.  As  exnected, 
on  the  basis  of  pilot  data  and  from  our  extrapolations  fron  somewhat 
related  studies,  the  soeed  to  say  that  two  names  were  the  same  on  a taroet 
attribute  was  stronnly  affected  by  the  number  of  non-target  attributes 
that  the  pair  of  names  were  the  same  on.  For  example,  reaction  time  to 
say  that  a pair  of  names  was  same  on  "occupation"  was  fastest  when  the 
pair  was  also  the  same  on  the  non-tarqet  attributes  of  qeoqranhy,  hobbv, 
and  attitude.  It  was  next  fastest  when  the  two  names  shared  two  out  of 
three  of  the  non-tarqet  properties.  It  was  slowest  for  the  case  in  which 
the  two  names  did  not  share  any  of  the  non-tarqet  attributes. 
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These  data  suggested  that  the  subjects  could  not  selectively 
retrieve  Just  that  Information  that  was  relevant  to  the  given  task 
for  the  session,  flne  possible  model  was  that  durlno  Initial  masterv 
of  the  data  base,  the  subjects  stored  a list  of  the  properties  with 
each  name.  Wen  they  had  to  compare  two  names  on  a olven  ornnertv, 
they  did  so  by  retrlevlno  the  entire  list  of  pronertles  with  each  name 
and  then  searchlnp  throuqh  the  prooertv  lists  In  a fixed  order  reoard- 
less  of  the  given  target.  Even  with  practice  lasting  over  eight  sessions, 
the  subjects  did  not  seem  to  achieve  the  Ideal  of  selective  retrieval 
In  this  task. 

As  It  stands,  this  finding  strongly  Implicates  the  organization  of 
the  data  base  during  Initial  learning  as  the  strong,  almost  Inflexible, 
determiner  of  how  the  Information  Is  retrieved  and  used  In  subsequent 
tasks.  Further  confirmation  of  this  viewpoint  occurred  when  one  of 
our  subjects  showed,  rlqht  from  the  start,  no  effect  of  the  non-target 
attributes  In  making  her  matches,  ^n  inquiry,  we  discovered  that  this 
anomalous  subject  had  organized  the  material  differently  from  the  others 
during  Initial  learning.  The  other  subjects  all  emnloved  a learnlnq 
strategy  that  associated  all  four  nronertles  together  with  the  appro- 
priate name.  But  this  deviant  subject  had  learned  the  Information  about 
which  names  had  a given  property  separately  for  each  attribute.  She  first 
mastered  the  Information  on  geography  by  creation  an  alohahetlzed  list 
of  all  those  who  lived  In  the  Fast.  She  then  memorized  that  list.  She 
had  only  half  the  list  of  names  to  learn  because  she  could  Infer  that 
anyone  who  did  not  live  In  the  East  must  live  In  the  West.  ftnee  she  had 
mastered  the  Information  about  geogranhv,  she  then  Independently  learned 
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who  were  the  Farmer*  on  the  occupational  attribute.  In  a like  manner 
she  learned  the  Information  about  the  other  two  attributes. 

We  checked  this  out  In  a subsequent  experiment  In  which  we  brought 
back  all  of  the  suhjects  In  the  original  experiment  after  a lanse  of 
two  weeks.  We  now  employed  an  experimental  task  aimed  at  determlnlnn  to 
what  extent  the  subjects  had  the  property  Information  for  each  name 
stored  is  a single  list  or  as  a bunch  of  Independent  associations  (to 
put  It  differently,  to  what  extent  was  the  Information  stored  hv  name 
or  by  attribute).  On  each  trial,  the  subject  was  given  a name  and  a 
single  property.  He  had  to  respond  as  fast  as  possible  with  a "ves"  If 
that  property  was  true  of  that  name.  Fnr  all  the  subjects  excent  our 
deviant  one  we  fnund  that  the  speed  of  responding  to  any  one  property 
for  a given  name  was  highly  correlated  with  the  speed  of  responding 
to  any  other  property  for  that  name.  This  further  demonstrated  that 
our  deviant  subject  was  deviant  In  that  she  did  not  have  the  Information 
about  a given  subject  all  stored  In  one  place. 

A further  finding  was  that  this  deviant  subject  showed  the  most 
forgetting  over  the  two  week  period. 

He  tried  to  do  further  experiments  to  deliberately  manipulate  the 
way  In  which  subjects  organized  the  Initial  data  base.  But,  In  addition 
to  many  technical  problems,  we  found  It  Impossible  to  force  a given 
organizational  strategy  upon  our  subjects. 

To  our  surprise  the  difficulty  with  this  paradigm  was  not  In  the 
"loading"  phase.  He  could,  with  patience,  load  rather  elaborate  data 
bases  Into  * subject's  memory.  Our  major  problems  Jnvolved  Jnadeguate 
tools  for  constructing  data  bases  and  an  overwhelming  complexity  In  trying 
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to  counterbalance  for  the  various  pnsslhle  confounding  factors.  '<o 
were  also  dlsmaved  bv  the  unexpectedly  complex  data  analyses  required. 

We  set  this  paradigm  aside  and  went  on  to  other  work  while  trvlnn  to 
reconsider  how  to  Implement  the  original  plan. 

5.1.  Nominal  and  Relative  Data  Bases. 

In  retrospect,  some  of  our  problems  with  the  Initial  experiments 
stemmed  from  the  lack  of  sophisticated  descriptive  tools.  *\ir  data 
base,  while  fairly  complex  with  resnect  to  typical  learnlnn  experiments, 
were  still  semantically  very  primitive.  Our  entire  data  base  could  be 
viewed  as  set  of  nominal  propositions.  That  Is,  each  molecule  of  Infor- 
mation consisted  of  an  obiect  (a  name)  and  the  attribution  n*  a property 
We  call  such  a system  "nominal"  (after  Froderlksen)  hecause  it  serves 
to  Identify  each  object  in  terms  of  a classification  or  attribution  with- 
out dlrectlv  llnklnn  any  object  In  the  system  with  another  object,  '-'hat- 
ever  organization  Is  created  In  such  a system  depends  unon  objects  having 
shared  properties.  Such  Hnkaqes  are  indirect,  occurring  through  the 
possession  of  common  elements. 

As  contrasted  with  nominal  nroposltlons , relative  propositions  specify 
a direct  relation  between  two  objects.  If  we  say  that  X Is  the  father  of 
V,  for  example,  we  have  a relative  proposition  that  specifies  a llnkaae 
of  a particular  sort  between  the  objects  X and  Y.  For  the  sorts  of  questions 
that  we  were  trying  to  answer  In  our  original  experiments,  we  felt  we 
would  gain  much  more  power  by  employing  both  nominal  and  relative  propositions 
within  the  same  exnerlment.  Accordingly  we  have  devised  a set  of  new  para- 
digms that  are  somewhat  more  sophisticated  versions  of  the  earlier  paradigm. 
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The  new  experiments  differ  from  the  earlier  ones  In  a number  of  crucial 
ways.  In  one  sense,  thev  are  much  loss  comolex.  He  emnlov  fewer  oblects 
In  the  data  base  and  fewer  attributes,  On  the  other  hand,  we  load  the 
data  base  Into  a subject's  memory  In  tv/o  staqes.  Ho  first  create,  for 
example,  a data  base  from  nominal  propositions  (a  lexicon).  Once  the  sub- 
ject has  mastered  the  first  data  base,  we  then  teach  him  a new  set  of 
propositions  Involving  the  same  objects.  The  new  set  of  prooosltlons 
are  relative,  specifying  direct  relationships  between  pairs  of  objects 
In  the  Initial  data  base  (the  relational  system). 

The  experimental  task  consists  of  having  the  subject  verify  as  "true" 
or  "false"  new  DroposUlons  Involving  the  objects  In  the  data  base.  The 
new  propositions  are  all  relative,  specifying  relations  between  the  oblects 
In  the  lexicon  which  may  be  true  or  false.  The  subject  can  verlfv  a pro- 
position by  using  only  the  Information  from  the  relational  system.  Mhat 
we  are  Interested  In  Is  the  extent  to  which  he  also  uses  Information  from 
the  Initial  data  base  to  verify  the  statements. 

5.2.  Family  relationships. 

In  one  paradigm,  the  subject  first  learns,  for  each  of  a set  of  names, 
the  sex  and  age  (male  or  female;  age  30  or  5).  The  names  are  all  neutral 
In  gender  so  that  they  do  not  serve  as  a cue,  (for  example,  "Chris",  "bat", 
"Dana",  etc.).  Once  he  learns  the  nominal  data  base  of  sex  and  ane,  he 
then  learns  new  Information  about  the  Individuals  In  the  data  base--namely 
who  Is  related  to  whom  and  In  what  way.  For  example,  he  may  be  told  that 
Chris  and  Kim  are  the  parents  of  Pat  and  Dana.  He  Is  told  a similar  rela- 
tionship system  for  the  other  four  names  In  the  data  base.  This  Informa- 
tion, along  with  the  subject's  knowledge  of  kinship  systems  and  his  mastery 
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of  tne  ordinal  data  basis  should  be  sufficient  for  the  subject  to  answer 

such  questions  as:  Pat  Is  the  husband  of ? Pat  Is  the  father  of 

and ? Dana  is  the  daugnter  of and ? To  be 

sure,  the  subject  Is  tested  on  a 1.1. .possible  pairwise  relationships 
between  members  within  a family. 

I he  experimental  test  consists  of  giving  the  subject  statements 
such  as  "Chris  Is  the  father  of  Jan".  He  has  to  respond  as  rapidly 
as  possible  with  "True"  or  "False".  We  look  for  the  differences  in 
saying  "False"  to  statements  In  whlcn  tne  two  Individuals  share  zero, 
one,  or  both  properties  of  age  and  sex.  If  the  subject's  are  using 
the  information  "assoclatlvely"  (on  one  model,  for  example)  we  would 
expect  th?  reaction  time  to  say  "different"  to  be  slowest  when  the 
two  names  (the  subject  and  object)  snare  two  properties  (they  would  be 
stored  together  In  tne  lexicon).  On  the  other  hand  If  the  subject  Is 
using  the  information  "semantically",  we  would  expect  the  subject  to 
be  slower  in  saying  different  when  the  two  names  are  different  In  age 
(because  tnls  Is  semantically  possible,  but  semantically  impossible 
when  the  two  names  are  tne  same  age). 

5.3.  Friendship  relationships. 

The  relation  of  friendship  differs  from  kinship  relation  in  several 
ways.  It  can  be  reciprocal;  It  does  not  order  the  names  In  any  systematic 
manner;  etc.  In  a second  set  of  experiments  wo  employed  this  reaction 
instead  of  kinship.  The  nominal  data  base  consists  of  names  and  two 
properties  associated  with  each  name— height  and  geographical  origin. 

On«e  this  nominal  system  Is  mastered,  the  subject  then  learns  which  subsets 
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of  Individuals  are  friends  to  one  another.  In  these  experiments  we  always 
use  the  friendship  relation  as  symmetrical.  If  X is  a friend  of  Y,  then 
Y is  a friend  of  X. 

With  these  alterations,  the  experiments  are  otherwise  parallel  in 
all  detal Is. 

4.  Some  tentative  findings. 

Because  these  new  experiments  have  just  been  initiated  we  have  only 
some  tentative  data  to  report.  When  the  relational  system  Is  learned 
at  a separate  time  from  the  nominal  system,  for  example,  we  find  that, 
on  the  average,  verification  latencies  to  relational  propositions  are 
not  influenced  in  any  systematic  manner  by  the  Information  In  the  nominal 
data  base.  This  ability  to  compatmentallze  the  two  systems  could  be 
due  to  their  having  been  learned  at  separate  times  or  because  the  two 
sorts  of  systems  generate  organizational  structures  that  can  be  kept 
separate  from  one  another. 

On  the  other  hand,  we  find  that  subjects  cannot  react  selectively 
to  comparisons  based  on  one  of  the  nominal  attributes  without  being 
affected  by  information  from  the  other  nominal  attribute.  This  effect, 
however,  is  different  from  what  we  would  have  predicted  from  the  sort  of 
associatlonal  model  we  found  compatible  with  +he  earlier  experiments.  If 
the  subject,  for  example,  has  to  decide  if  a pair  of  individuals  Is  the 
same  or  different  on  height,  the  decision  is  facll iated— regardless  if 
It  is  positive  or  negative— when  the  two  names  are  the  same  In  geographical 
origin.  This  finding  is  symmetrical . Subjects  make  faster  comparison? 
on  geography  if  the  two  names  are  the  same  in  height. 
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The  finding  is  compatible  with  a model  that  says  that  the  first  name 
>f  a given  pair  serves  as. an  entry  point  into  the  memory  structure.  The 
subject  then  starts  to  look  for  information  about  the  second  name  at  the 
same  address.  If  the  other  name  happens  to  be  stored  at  the  same  location 
(shares  other  nominal  properties)  the  retrieval  and  comparison  is  relatively 
fast.  If  not,  the  response  is  slowed  down. 

We  are  planning  to  better  control  the  way  the  subject  has  the  nominal 
data  based  organized  by  teaching  directly  a spatial  organization  for  the 
data  base.  One  situation,  for  example,  will  involve  a data  base  on  which 
names  are  arrayed  on  a two-dimensional  geographical  grid.  Subjects  will 
be  taught  the  data  base  ir.  terms  of  this  grid.  We  can  then  test  to  sie 
if  in  fact  the  underlying  memory  structure  has  either  or  both  the  topo- 
logical and  metric  properties  implied  by  this  organization.  We  then  can 
test  the  implications  of  superimposing  upon  this  spatial  organization  a 
relational  system  such  as  the  family  or  friendship  systems. 

6.°.  EXTENSIONS . 

The  data  bases  discussed  in  the  preceding  section  are  still  relatively 
primitive.  Both  the  nominal  and  relational  systems  employed  are  all 
stative  systems — that  is  sets  of  propositions  that  identify  objects  in 
terms  of  static  classifications,  attributes  and  dispositions,  and  static 
relationships  to  each  other  such  as  friendship  cuid  kinship.  Such  data 
bases  correspond  to  part  of  what  is  termed  "semantic  memory"  and  to  "sub- 
jective lexicons".  Of  more  interest  will  be  the  investigation  of  how 
such  semantic  memories  operate  in  dealing  with  episodic  events  and  vice 
versa.  For  this  latter  purpose  we  will  have  to  introduce  action  systems 
and  locative-temporal  sy  ms,  That  is,  we  will  want  to  specify  or 
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describe  episodes  involving  actions  between  individuals  in  the  data 
base  that  occur  in  particular  places  and  times, 

6,1,  Other  directions 

We  have  been  considering  other  directions.  We  are  interested  in 
pinning  down  experimentally  different  contextual  effects.  We  especially 
are  interested  in  using  information  processing  procedures  to  determine 
at  what  point  in  the  attempt  to  comprehend  materials  the  context  enters 
the  picture.  Tram  Neill,  in  collaboration  with  Hyman,  is  investigating 
the  use  of  opposites  and  synonyms  for  this  purpose.  We  have  found  a 
scattered  literature,  that  does  not  seem  to  involve  communication  be- 
tween the  separate  investigators,  that  seems  to  indicate  that  under  some 
conditions  opposites  behave  like  synonyms  and  under  other  conditions 
they  do  not.  Eecause  we  feel  that  this  may  be  a context  effect,  we  plan 
to  see  if  we  can  bring  some  order  into  this  area. 

In  relation  to  this  preceding  project,  we  also  plan  to  study  the 
influence  of  attention  in  encoding  of  new  material. 

Hyman  has  been  studying  the  effects  of  prior  information  and  pre- 
conceptions on  creative  achievement  and  innovation,  on  comprehension, 
and  on  gullibility.  The  distinct  possibility  exists  that  all  these 
phenomena  depend  upon  the  same  underlying  psychological  processes 
(inference  mechanisms  that  go  beyond  the  given  data  in  order  to  "make 
sense"  out  of  them).  This  work  has  just  begun.  It  is  related,  at  a 
theoretical  level,  to  the  problems  of  chunking  discussed  earlier  in 
this  report, 

Finally,  as  indicated  at  the  beginning  of  the  report,  we  are  pur- 
suing our  development  of  framework  around  which  we  hope  to  integrate 
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the  information  in  the  new  field  of  semantic  memory. 

7.0.  WICKELGREN  AND  Hi:  STUDENTS. 

We  have  already  discussed  the  development  of  the  speed-accuracy 
paradigm  and  its  theoretical  justification  by  Wickelgren.  We  have  also 
described  the  applications  of  this  paradigm  by  two  of  Wickelgren' s 
students,  Barbara  Dosher  and  Albert  Corbett.  Wickelgren  has  also  been 
very  productive  in  developing  and  testing  theoretical  models  both  in 
classical  and  semantic  memory.  In  classical  memory,  he  has  been  develop- 
ing his  single-trace  theory  and  showing  its  superiority  to  the  previously 
prevalent  dual-trace  theory  (which  separates  memory  into  separate  com- 
ponents of  short  and  long  term  memory).  The  new  single  trace  theory 
attempts  to  explain  many  memory  phenomena  in  terms  of  two  closely  coupled 
properties  of  the  trace — strength  and  fragility,  both  of  which  decline 
with  time  in  storage.  Wickelgren  has  tested  important  implications  for 
this  new  single  trace  theory  upon  learning  and  forgetting  under  alcohol 
and  in  terms  of  the  effects  on  age.  These  tests  and  the  underlying 
theory  will  be  included  in  a series  of  publications. 

In  the  realm  of  semantic  memory,  Wickelgren  has  published  a theoret- 
ical paper  that  classifies  various  propositional  representations  of  mem- 
ory into  three  basic  types — relational,  predicate,  and  operational 
grammers.  He  argues  from  a theoretical  point  of  view  against  the  first, 
even  though  this  is  probably  the  most  popular  among  current  systems  to 
represent  semantic  memory.  He  theorizes  that  the  second  is  character- 
istic of  left-hemisphere  thinking,  while  the  third  is  characteristic  of 
right-hemisphere  thinking.  Wickelgren 's  pupil,  John  Winkelman  has  theo- 
retically examined  and  evaluated  four  representational  systems  for 


44, 

kinship  systems  in  terms  of  their  ability  to  adequately  deal  with  reasoning 
processes,  He  shows  that  the  currently  popular  systems  are  inadequate 
and  suggests  that  an  albebraic  system,  which  he  devised,  is  superior  for 


many  purposes. 
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